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■ We discuss the strength of the trilinear Higgs boson coupling in technicolor (or 
fN) ' composite) models in a model independent way. The coupling is determined 

as a function of a very general ansatz for the technicolor self-energy, and turns 

■ out to be equal or smaller than the one of the standard model Higgs boson 

t-H ! 

■ depending on the dynamics of the theory. With this trilinear coupling we 

O 

r~| ■ estimate the cross section for Higgs boson pair production at the LHC. This 

q-: 

measurement is quite improbable in the case of a heavy standard model Higgs 

■ boson, but it will be even worse when this boson is dynamically generated. 
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I. INTRODUCTION 



In the standard model of elementary particles the fermion and gauge boson masses are 
generated due to the interaction of these particles with elementary Higgs scalar bosons. 
Despite its success there are some points in the model as, for instance, the enormous range 
of masses between the lightest and heaviest fermions and other peculiarities that could 
be better explained at a deeper level. The nature of the Higgs boson is one of the most 
important problems in particle physics, and there are many questions that may be answered 
in the near future by the LHC experiments, such as: Is the Higgs boson, if it exists at all, 
elementary or composite? What are the symmetries behind the Higgs mechanism? 

Among the priorities of the Higgs boson search at the LHC experiments, is the measure- 
ment of its mass, width, spin and CP eigenvalues. The measurement of the Higgs boson 
couplings and, particularly, its self-couplings will also be quite important, once they may 
unravel all the subtleties of the mechanism of electroweak symmetry breaking [1]. It may 
be possible to measure the Higgs boson self-coupling at the LHC in the case of a light Higgs 
boson [2] , but this will barely be possible if the boson mass is larger than 200 GeV. 

There are many variants for the Higgs mechanism. Our interest in this work will be 
focused in the models of electroweak symmetry breaking via strongly interacting theories 
of technicolor type [3]. In these theories the Higgs boson is a composite of the so called 
technifermions, and at some extent any model where the Higgs boson is not an elementary 
field follows more or less the same ideas of the technicolor models. In extensions of the 
standard model the scalar self-couplings can be enhanced, like in the supersymmetric version 
[4]. If the same happens in models of dynamical symmetry breaking, as far as we know, has 
not been investigated up to now. 

The beautiful characteristics of technicolor (TC) as well as its problems were clearly listed 
recently by Lane [3,5]. Most of the technicolor problems may be related to the dynamics of 
the theory as described in Ref. [3]. Although technicolor is a non-Abelian gauge theory it 
is not necessarily similar to QCD, and if we cannot even say that QCD is fully understood 
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up to now, it is perfectly reasonable to realize the enormous work that is needed to abstract 
from the fermionic spectrum the underlying technicolor dynamics. 

The many attempts to build a realistic model of dynamically generated fermion masses 
are reviewed in Ref. [3,5]. Most of the work in this area try to find the TC dynamics dealing 
with the particle content of the theory in order to obtain a technifermion self-energy that 
does not lead to phenomenological problems as in the scheme known as walking technicolor 
[6]. The idea of this scheme is quite simple. First, remember that the expression for the TC 
self-energy is proportional to £(jo 2 ) TC oc ({ipip) TC /p 2 )(p 2 / A 2 C ) 7 * , where {t/jtp) TC is the TC 
condensate and 7* its anomalous dimension. Secondly, depending on the behavior of the 
anomalous dimension we obtain different behaviors for £(j» 2 ) TC . A large anomalous dimen- 
sion may solve the problems in TC models. In principle we could deal with many different 
models, varying fermion representations and particle content, finding different expressions 
for S(p 2 ) TC and testing them phenomenologically, i.e. obtaining the fermion mass spectra 
without any conflict with experiment. Usually the walking behavior is obtained only with a 
large number of technifermions, although there are recent proposals where the walking be- 
havior is obtained for a very small number of fields with the introduction of technifermions 
in higher dimensional representations of the technicolor gauge group [7]. 

As the dynamics in models of dynamical symmetry breaking can be so different from 
QCD, it is interesting to investigate the behavior of the dynamical Higgs boson self-coupling. 
It could be possible that in these models the self-coupling is enhanced and easy to measure 
than the standard one, even considering that the dynamical Higgs boson will be heavier 
than 200 GeV. 

In this work we will consider a very general ansatz for the technifermion self-energy 
that was introduced in the Ref. [8]. This ansatz interpolates between all known forms of 
technifermionic self-energy. As we vary some parameters in our ansatz for the technifermionic 
self-energy we go from the standard operator product expansion (OPE) behavior of the self- 
energy to the one predicted by the extreme limit of a walking technicolor dynamics, i. e. 
7* — > 1 [6,9,10] .We will discuss the general properties of the trilinear Higgs coupling based 
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on this ansatz. In principle the trilinear Higgs self-coupling can be measured directly in 
the Higgs boson pair production at the LHC via the gluon-gluon fusion mechanism. In 
this way we can predict the general behavior of this cross section in technicolor models. 
As, in non-Abelian gauge theories, the fermion self-energy is related to the Bethe-Salpeter 
wave-function of the composite scalar boson [11], we believe that our result could also be 
extended to any composite Higgs model. 

This paper is organized as follows: In Sec. II we compute the trilinear self-coupling of 
a composite Higgs boson assuming the anzatz for the fermionic self-energy shown in Ref. 
[8]. In the Sec. Ill we review the self-couplings of the standard model fundamental Higgs 
field and compare them with the results shown in the previous section. In the Sec. IV we 
compute the cross section for the gg — > HH reaction in the case of the standard model and 
for a composite Higgs boson. Finally in the Sec.V we draw our conclusions. 



II. THE TRILINEAR SELF-COUPLING FOR A COMPOSITE HIGGS BOSON 

Using Ward identities we can show the couplings of the scalar boson to fermions to be 

[9] 

G a (p + q,p) = -i^r- [r a nP)PR ~ S(p + q)r a P L ] (1) 

where Pr,l — |(1 ± 7s), r& is a SU{2) matrix, and £ is a matrix of fermionic self-energies 
in weak-iso doublet space. As in Ref. [9] we assume that there is a scalar composite Higgs 
boson that couples to the fermionic self-energy which is saturated by the top quark [12]. 
Specifically, we assume that the scalar-to-fermion coupling matrix at large momenta is given 
by G(p,p), where we do not attempt to distinguish between the two fermion momenta p and 
p + q, since, in all situations with which we will be concerned, S(p + q) ss S(p). Therefore 
the coupling between a composite Higgs boson with fermions at large momenta is given by 

\ Hff {p) = G{p,p)~-^i:{p 2 ) (2) 
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where S(p 2 ) is the fermionic self-energy. The trilinear Higgs boson coupling in technicolor 
models will be dominated by loops of heavy fermions that couple to the scalar Higgs particle 
as predicted by Eq.(2) [9]. Our purpose in this section is to obtain an expression for the 
trilinear Higgs boson coupling using the ansatz 



which was proposed in the Ref. [8]. This choice interpolates between the standard OPE 
result for the technifermion self-energy, which is obtained when a — > 1, and the extreme 
walking technicolor solution obtained when a — > [6], i.e. this is the case where the 
symmetry breaking is dominated by higher order interactions that are relevant at or above 
the TC scale, leading naturally to a very hard dynamics [9,10]. As we have pointed out in 
Ref. [12] only such kind of solution is naturally capable of generating a large mass to the 
third fermionic generation, which has a mass limit almost saturated by the top quark mass. 
Moreover, as also claimed in the second paper of Ref. [12], there are other possible reasons 
to have a ~ 0, as the existence of an infrared fixed point and a gluon (or technigluon) mass 
scale [13], which, actually, are related possibilities [14]. 

The Yukawa top quark coupling to the Higgs boson is large, no matter we are considering 
the composite or the fundamental standard model Higgs boson, and is the one that dominates 
the process that we will be considering in the next sections. The main difference is that in 
the composite case the trilinear coupling is a function of this Yukawa coupling as remarked 
in Ref. [9,10]. As considered in Ref. [9] and many others dealing with dynamical symmetry 
breaking models it is usually assumed that such calculations are not spoiled by higher order 
corrections. It is interesting that many technicolor models make use of the existence of a 
non-trivial fixed point (or a quasi-conformal theory) to cure their phenomenological problems 
[6], and exactly for this possibility Brodsky has been claiming that it will be possible to built 
an skeleton expansion that could allow to capture the non-perturbative effects in a reliable 
way [15]. 

In the Eq.(3) the scale, A TC is related to the technicolor condensate by {tjjvp) TC A^, . 




(3) 
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We defined (3 = 7 TC cos(o;7r), a = bg 2 TC with 7 TC = 3c/167r 2 6, and c is the quadratic Casimir 
operator given by 

c = \ [C 2 (i?0 + C 2 (i2i) - C 2 (i? 3 )] 

where C 2 (Ri), are the Casimir operators for technifermions in the representations Ri and R 2 
that condensate in the representation R%, b is the coefficient of the g 3 term in the technicolor 
(3(g) function. 

We can determine one expression for the trilinear coupling for any theory where the 
Higgs boson is composite by considering the diagram shown in Fig.(l). 

The contribution of Fig.(l) is certainly the dominant one [9]. Assuming the coupling 
of the scalar boson to the fermions given by the Eq.(l), and with the fermion propagator 
written as 

Ap) ~ (p 2 - { ) 

we find that 

T 3g 3 w (3n F \ [ °°^(p 2 )p'dp 2 

HHH 64tt 2 {M 3 , J J (p 2 + S 2 (p 2 )) 3 ' 1 ' 

where rip is the number of technifermions included in the model. Considering the ansatz 
given by the Eq.(3), and introducing it into Eq.(5), we obtain 

A ». - 3 S (H) ^(K.rm ( 6 ) 

with 

i roo z-ooi 2/ 2\2-4a-az 

1{p) rmJ d (A - j J ( P 2 + A 2 Tc y 

To compute this last expression we have used the following Mellin transform 

[1 + AlnB}- 1 ' = — - / dzz^e-'iB)-**. (7) 
l(v) Jo 

After performing the p 2 integration in Eq.(6), we can write this equation as 
T ^3g^_ f 3n^\ _A^_ [°° dzz^e^ 

hhh ~ 647r2 ^ M 3^ J J 4a + az ' { ' 

6 



We will present our analysis of for two different regions of the parameter a. We 



will start with the case a ~ 0. Therefore we can make the following expansion in Eq.(8) 



1 



4a + az 

Than Eq.(8) can be cast in the form 



1 



az 



4a 



az 



+ 0(a 2 )... 



(9) 



2 e- z + 



X T0 _ %W_ ( <^F_\ A tc \ f°° J rr 4/3 

hhh ~ 647r2 y M * w ) aTm [j o 

-flzz^- 3 e- z + 0(a 2 ) 
Jo 
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Retaining only the first two terms in the a expansion and performing the z integration, we 
finally can write 
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When a 
obtain 



1, we can consider a similar expansion, and following the same steps we 
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The above expressions for the trilinear Higgs coupling are quite dependent on the scale A TC . 
This is not the best formula to compute this coupling, since A TC , which in principle is related 
to the value of the dynamical technifermion mass at the origin, is not directly fixed by the 
symmetry breaking of the standard model. A more appropriate quantity that can be used 
to describe this coupling is the technipion decay constant, which is fixed by the W and Z 
gauge boson masses. 

Considering our comments in the previous paragraph we will express the trilinear Higgs 
coupling as a function of the technipion decay constant (F n ) instead of the scale A TC . F n 
can be computed through the known Pagels and Stokar relation [16] 



at roo 
I?2 iv TC 
-Trr = 



dp 2 p 2 



47r 2 7 (P 2 + S 2 (j9 2 )) 2 



£V) 



p 2 rfS(p 2 ) 
~2 dp 2 



(12) 



where N TC is the technicolor number. 



We compute the technipion decay constant using the ansatz Eq.(3). After some calcula- 
tion we obtain the following expression for F n 

N, 



where 



/w = |lTW csc[7r/(1 + 2A;)] 



(13) 



(14) 



with 



k = a + 3 cos(o;7r) / 4n 

To obtain this expression we have assumed the scaling law ca TC ~ 1 [17]. To be consistent 
with Eqs.(lO) and (11), we also need to expand Eq.(13) for a m and a ~ 1. In this case, 
we obtain 



F 2 = ^tc A 2 \i-s(a)} 

n Q^r TC L V I \ 



87T 



(15) 



with 



5a for a ~ 



S(a) = < 



a/2 for a » 1 

Finally, assuming this last equation, we can write the Eqs.(lO) and (11) in the form 



^mh = *n F -?-f(a) 

TC 



(16) 



where for convenience we defined 



/(«) = { 



3 [l-4a/a(4/?-2)] i ~ 
a(4/3-l) (l-5a) 2 Wnel1 a ~ U 



3 [l-4(a-l)/o] , _ 1 

4 (l-a/2)* Wjlen " ~ 1 



and will assume F n = \25GeV. 1 



1 In TC models containing N D doublets of technifermions F n = 250GeV/ yj N D , and in this work 
we will be assuming N D = 4. 
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Our ansatz for the fermionic self-energy is a very general one. No matter which is the 
theory (technicolor or any of its variations) the self-energy will be limited to the expressions 
obtained from Eq.(3) for a in the range [0, 1], even the scenario proposed in Ref. [7] will be 
described by such expression. 

In the next section we will compare these expressions for the trilinear composite Higgs 
boson self-coupling with the one of the standard model fundamental Higgs boson. 

III. TRILINEAR COUPLING: FUNDAMENTAL x COMPOSITE HIGGS BOSON 

In this section we review the expression for the trilinear coupling in the case of the 
standard model fundamental Higgs boson, and compare it to the ones found in the previous 
section. We start writing the expression of the Higgs boson potential in the Standard Model 

\/M = -/iVV + A(v^V) 2 - (17) 

The self-couplings are uniquely determined in the Standard Model by the mass of the Higgs 
boson, which is related to the quadrilinear coupling A by the following expression 

M 2 H = 2Xv 2 . 

After introducing the physical Higgs field H in the neutral component of the doublet 

(ip) = (v + H)/y/2 we can write the potential as 

M 2 M 2 M 2 

V(H) = ^H 2 + ^-H 3 + 0if 4 . (18) 

The multiple Higgs couplings can be derived from the potential V(H), and the trilinear and 
quadrilinear couplings of the Higgs field H are given by 

M 2 H 

Z 

M 2 

K H = Zjfi^o ■ (19) 

z 

To obtain these expressions we assumed the normalization employed in Ref. [4], where 
A = M 2 lv. 



In the case of a composite Higgs boson it is possible to show that its mass can be expected 
to be of the following order [11]: 

M H ~ 2A TC . 

This result is independent of the dynamics and is originated from the similarity between the 
Schwinger-Dyson equation for the technifermion self-energy and the Bethe-Salpeter equation 
for the scalar channel [11]. Of course, as discussed in the previous section, we will write M H 
as a function of F 2 instead of A„_ . 

To compare the results of the previous section with the couplings shown above we can 
write the couplings for the composite Higgs boson as a function of its mass. Assuming the 
mass relation given above, considering the Eq.(16) and rewriting it in terms of the parameter 
A , we obtain in the case of a = 

T0 / 1 \ n F M H A 



1 nJ a-,v^\7>m>'- ' (20) 



and in the case when a = 1 we obtain 



A T1 = ( - ) npA ^ \ . (21) 

where A = A /(l GeV). 

In the Fig. (2) the behavior of the trilinear Higgs couplings is plotted as a function of 
the Higgs boson mass. The solid line represents the contribution of the fundamental Higgs 
boson, i. e. the Standard Model Higgs boson. 

The dynamics of the extreme limit of a walking technicolor theory will be responsible for 
a fermionic self-energy that is given by the limit a — > in Eq.(3). To compare the trilinear 
Higgs coupling for fundamental and composite scalar bosons we will consider technicolor 
models with technifermions in the fundamental representation and will choose appropriately 
the number inp) of technifermions in order to obtain the desired walking behavior. For 
example, if the technicolor group is SU (2) TC , the walking limit is going to be obtained with 
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tif = 8. The 8 technifermions can be reconized as a colored weak doublet Q = (U a ,D a ) 2 , 
and a color-singlet weak doublet L = (E,N). If the technicolor theory is described by the 
SU (4) TC non-Abelian group, the extreme walking behavior is obtained when rip ~ 14, which 
can be built with the addition of two colored weak singlets (R a , S a ). Of course we are not 
discussing about phenomenologically viable models, but the cases that we are presenting are 
plausible examples to make the comparison between the "composite" and the elementary 
coupling. 

In the Fig. (2) the continuous curve shows the behavior of the trilinear Higgs boson 
self-coupling given by Eq.(19). In the same figure we indicate by (□, ■) the values of the 
trilinear composite Higgs couplings obtained respectively with the help of Eqs.(20) and (21) 
(a — > 0, a — > 1) in the case of the SU(2) TC technicolor group. We also indicate by (A, A) in 
Fig. (2) the values of the trilinear coupling obtained for the SU(4) TC when the parameter a 
has respectively the following behavior (a — > 0, a — > 1). 

It is possible to verify in Fig. (2) that the trilinear Higgs coupling generated by the 
dynamics in the limit a — » 0, which corresponds to the extreme walking technicolor limit, 
are quite close to the values obtained in the case of the fundamental standard model Higgs 
boson. However, in the limit a — > 1 the behavior predicted for the trilinear Higgs coupling 
is very different; it decreases the more the technicolor dynamics approaches the standard 
result predicted by simple OPE analysis. The arrow in Fig. (2) shows roughly the expected 
change in the trilinear coupling as we go from a — > to a — > 1. As will be shown in the next 
section this behavior will imply in smaller cross section for Higgs boson pair production. 



2 In this expression a = 1..3 is a color index. 
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IV. CROSS SECTION FOR HIGGS BOSON PAIR PRODUCTION VIA 

GLUON-GLUON FUSION 



The large number of gluons in high-energy proton beams imply that the gluon-gluon 
fusion mechanism is the dominant process for Higgs boson pair prodution at the LHC [4]. 
The gluon-gluon mechanism involves the triangular and box loops of the heavy quarks, as 
shown in Fig. (3), and is probably the best way to measure the trilinear Higgs coupling [18]. 

In the Standard Model, only the top quark, and to a lesser extent the bottom quark, will 
contribute to the amplitudes of the diagrams in Fig. (3). In this section we will compute the 
twin Higgs boson production with the trilinear couplings that we obtained in the previous 
sections, in order to verify what this process can tell to us about the structure of the 
technicolor theory. 

In terms of the trilinear Higgs coupling, \ 3H = 3M 2 /M 2 , the elementary g + g — > H + H 
cross section at leading order can be written as [4] 

* = C [ICtFt + CbFb? + ICbGb12] di (22) 

where the couplings Ct and Cb are defined as 

r — a — r -i 

with s = ts ,i ± = -l/2[s - 2M 2 H t s(3 h \ and 



Ph = y/l - AMl/s. (23) 

The form factors F T , F B and Gb come from the triangle and box loop evaluation. 

It is possible to derive simple expressions for the cross section in the limit where the Higgs 
boson mass is much lighter or much heavier than the internal quark (q) mass that is running 
in the loops. According to the discussion of the previous section it is possible to assume the 
limit where M 2 H > m 2 q , because for F u = YlhGeV we can expect that M H ~ 0(l)TeV [19]. 
In this case the form factors F T ,F B and G B take a very simple form according to the last 
article quoted in the Ref. [4] 

12 
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F ~ i 

s 



i 

log — — + in 



, F B ~G B ^0, (24) 



what allow us to write the partonic cross section as 

a 2 w a 2 s Mf s(3 H 



' H 



4096vrM^ {s - M 2 H f 

The total cross section for Higgs boson pairs production through gluon-gluon fusion in pp 
collisions can be determined by integrating over the gg luminosity [4] 

r 1 dC" 

crripp HH) = / dr— — a(s = ts) (26) 
</4M| / s dr 



where 

^ = jf 1 ^,A(r/^ 2 ) (27) 

and we use the gluons distribution function (g(x,n 2 )) obtained in Ref. [20], taken at a 
typical scale /x ~ M z . The cross section contains terms proportional to m 2 q / s (where m q is 
the mass of the quark running in the loop) which were expanded and only the leading term 
was considered. This is reasonable because the heaviest quark mass is the one of the top 
quark and we are considering heavier scalar masses. These equations have been numerically 
integrated and in the sequence we plot the cross-section as a function of the Higgs boson 
mass. 

In Fig. (4) the curve shows the standard model prediction for Higgs boson pair production. 
We are also pointing out four values of the cross-section for the cases of composite Higgs 
boson that were discussed in the previous section. The points indicated by (□, ■) are the 
predictions for the SU{2) TC technicolor group respectively in the limits a = and a — 1. 
The composite Higgs boson mass is estimated as being of order M^ yn ~ 0(0.9 — 1.2)TeV as 
we vary the value of a in the range — 1. In the same figure we are also considering the case 
where SU(A) TC is the TC group, again its predictions are indicated by (A, A). The Higgs 
mass obtained in this case is M^ yn ~ 0(600 — 900)GeV. To compute these cross sections 
we used the top quark mass equal to m t = 178GeV. 
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The cross section falls with increasing M H due to both the diminishing luminosity and 
the decrease of the phase space. According to what we commented in the end of Sec. Ill in 
the case of composite Higgs boson the cross section decreases when a — > 1 (see the arrow 
depicted in the Fig. 4). This fact is a consequence of a combination of two effects in the cross 
section: Decreasing of A^* due to the increase in a (see Fig. (2)), and the increase of M^ yn . 

Although enhancement of the signal for Higgs boson pair production is possible for light 
standard model scalar bosons [2], and even in some extensions of the standard model [4], we 
do not see any possible enhancement of the trilinear self-coupling, and, consequently, of the 
Higgs boson pair production in the case of heavy dynamically generated scalar bosons. Note 
that the cross section will be basically impossible to be measured at the LHC, even if the self- 
couplings, determined from Eqs.(20) and (21), are of O(50)A for the scalar masses that we 
are considering. There are possible refinements in these calculations, like the introduction of 
NLO corrections [21], which are not considered because we just want an order of magnitude 
estimate, therefore any refinement that may be introduced will not modify the fact that 
the production of heavy composite Higgs bosons will have smaller rates than in the case of 
fundamental bosons. 

V. CONCLUSIONS 

In this work we have presented a discussion about the general properties of the trilinear 
self-coupling of a composite Higgs boson based on a general ansatz for the technifermion 
self-energy. If the Higgs boson is composite we can expect it to be, at least in the most usual 
models, a very massive particle, M H oc 0(0.6 — 1.2)TeV, as in the examples of technicolor 
gauge groups discussed above {SU(4) TC or SU (2) TC ). We verified in the Section IV, assuming 
in our ansatz the extreme walking technicolor limit, a — > 0, that the cross section for Higgs 
boson pair production depicted in the Fig. (4) practically does not differ from the one of 
the fundamental standard model Higgs boson. The cross section in the limit a — > 1 is 
very different from the standard result. According to what is known for a long time, this 
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dynamics is exactly the one that leads to the many phenomenological problems in technicolor 
models. In conclusion, if the origin of the gauge symmetry breaking of the standard model 
is a dynamical one, i.e. the scalar Higgs boson is a composite one, it will be much harder 
than it is in the case of the standard model (with fundamental scalar bosons) to obtain 
information about the mechanism with the study of the trilinear self-couplings at the LHC. 
The best possibility to study this coupling, at least for the models usually discussed in the 
literature, will happens in the case of an extreme walking technicolor dynamics. 
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FIGURES 




FIG. 1. The gray blobs in this figure represent the coupling of composite Higgs bosons to 
fermions. The double lines represent the composite Higgs bosons. The full diagram is the main 
contribution to the trilinear Higgs boson self-coupling. 
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FIG. 2. Trilinear couplings as a function of the Higgs mass for a fundamental and composite 
Higgs boson. 
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FIG. 3. Diagrams that contribute to the process gg — > HH. For convenience we omitted the 
crossed terms. 
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M H (GeV) 

FIG. 4. Total cross section for Higgs boson pair production via gluon-fusion mechanism. The 
figure was computed assuming M H » m q . The curve is the result for the standard model funda- 
mental Higgs boson, and the small box and triangles indicate the value of the cross sections for 
different technicolor groups with different dynamics (values of the parameter a). 
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